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REMARKS 

This application is a division of 09/219 , 597 , filed 
to pursue the subject matter of nonelected claims 17-31 from 
the parent case. Claims 1-16 and 32-39 have been cancelled 
by the present amendment. The claims now in issue are 17-31 , 
with claim 17 being the sole independent claim. 

The title of the invention has been amended to 
reflect more clearly the subject matter of the present 
claims . 

Accompanying the filing of this Preliminary 
Amendment and new divisional application are a substitute 
specification and a marked-up copy of the specification as 
originally filed in the parent case. This substitute 
specification is substantially identical to the one 
previously filed in the parent application in response to a 
requirement set forth by the Examiner in the Office Action 
dated December 17 , 1999 (paper 5). Additional changes have 
been made only to include continuing data and present a new 
title to reflect more clearly the subject matter of the 
present claims. No new matter has been added. 

Since the present application is a division of 
09/219 , 597, their specifications should be identical. This 
substitute specification will eliminate inconsistencies in 
the text of any patents that issue from these applications. 



Consideration of the present claims and passage to 
issue are respectfully requested. 

Applicants' undersigned attorney may be reached in 
our New York office by telephone at (212) 218-2100. All 
correspondence should continue to be directed to our below- 
listed address. 



Respectfully submitted, 




Attorney for Applicants 
Registration No. u l j 




FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
Facsimile: (212) 218-2200 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a photovoltaic 
element module and its production *;me%fiody ; and a hon- 
contact treatment method, arid more specifically to a 
photovoltaic element module comprising a plurality of 
electrically connected photovoltaic elements and a 
method of producing this module. 
Related Background Art /) J~ 

The problem of\global warming caused by the, ^ 
greenhouse effect, that is, an increase in^CO^geicomes" 1 
riargeg , f and therefore there isj a growing demand for the 
development of a cle^n energy source that does not 
discharge C0 2 . One of such energy sourcel vi^^^leiar 

tia^ mariy pfoblems to 56jF^psuch ■■■■a$ : ^a&^^ 
so a safer clean energy source is desired^ a Of the 
expected clean energy sourcies , solar cells 

elements ) are gatheriira much attention- , v - v ^ -^^&m- 





xiue^to^ their cleanness; 
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the amorphous type is highly expected. That is, 
despite its conversion efficiency/slower than that of 
the crystal type solar ceil, the amorphous silicon 
solar cell hais excellent characteristics that are 
absent from the crystal type solar cell. For example, 
it can operate ih the form of a film because the area 
of the amorphous type solar cell can be easily : - 
increasecU&na has a large photoabsorption coe^icient . 
One of the reasi^s ^ f 6r fEhe delayed ; di^u^ib^of 



siblar cells^despite th^ attention [being paid to thenTj^s 
their high cost ^ Various methods have been ex^M|| 
to reduce the prpdiidtipn' costs of solar cells . The 
representative approaches include: 

(1) Reduction of the production costs of a 
conversion layer, 

(2) Efficient utilization of an electric ppWeir 



.regipn^-j:. 
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(4) Re^ amount of covering 

'^•^^^^^^^^M^^^^^^^^^M^s&ctt invention pa^ic^l^ly 
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mass H^-LUJiiLrLi v <=r connection method/by automatizationj and 




high speed treatmeni 

Figs, 11A and 1 IB are schematic views showing an 
Example of a photovoltaic element which is disclosed 
in, for example, Japanese Patent Application Laid-Open 
No. 8-139349 and which has been investigated by the 
inventors . Fig . 11A is a plan view of the photovoltaic 
element as seen from its light- receiving surface side, 
and Fig/ 11B is a sectional view of the photovoltaic 
element shown in Fig, 11A, which is taikeri along the 
line 11B-11B in Fig. 11A, 

A photovoltaic element 600 shown iri Fig. 11/ is 
produced by sequentially stacking a lower electrode 
layer 603, a semiconductor layer 604, and an upper 
electrode layer 605 on a conductive substrate 602 of, 
for example, stainless steel. 

The upper elec^ 605 ccOTprisfes: a 

v transparent y.Gonduist|t^^||i 




reflection-preventing means and a current -pol lee ting 
means. . 



. . .. . A part : of "'^h^^ is 
■\^3^J^k^^t; r remb^ 




ret^irig li^ie^ ^iri 
ibther iiiethods^b 
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prevent a short circuit from occurring between the 
substrate 602 and the upper electrode layer 605 when 
the outer circumference of the photovoltaic element is 
cut..- : ■ ';. • . ... - . ■ -• • - ■ 

In addition- a current -co 11 Sect i rig electrode 606 is 
formed on the surface of the upper electrode layer 605 
to efficiently --collect generated power • The current- 
collecting electrode 606 is formed by adhering a metal 
wire coated with tfe thin layer of a conductive 
adhesive (for example, a copper wire coated with a 
carbon paste ) to the upper electrode layer 605 in order 
to obtain electric power generated in the semiconductor- 
layer without loss. The copper wire is used in order 
to reduce power loss, and may be replaced by another 
highly conduptive material. 

Furthermore , a conductive foil 607 is provided as 
a ^f urth^r c^ electrode in addition to 

• "V'me^ the conductive f oi i 6^ &t o \ 

ensure the • ins^ prpvided by the etching line 

portion^ ^ which cannot be guaranteed. 

— In tH^ metal foil 

4 - - . •.. :cir: . v. . 

'-•?l607ii«^^ respectively; ^as-. : ^ 

negative electrodes ; ifeo ^ ^ ; * 

X— • / . ■ --■ • - ; . ■- ' ^iV^v^' • .. 

. •• ■r%^l^:J-^:M i m0m ■ ■ ". ■ ' " • • ' ■■■■ - • ••.-^•o--. 



^-MpQwer^, 
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generation. Since the single photovoltaic element 
normally generates excessively low power, a plurality 
of photovoltaic elements must be connected in series or 
parallel to provide a desired voltage and curienfv; 

Fig. 11C is a plan view showing an example of 
series-connected photovoltaic elements (in the case of 
two series) . In this figure, the conductive foil 607 
of one photovoltaic element is electrically connected 
in series to the substrate 602 of another adjacent ; 
photovoltaic element by using a connection member 611 . 
Solder is used for the connection and the series 
connection is completed by carrying out cleaning with a 
solvent such as MEK ( methyl e thy Ike tone ) after 
soldering. 

The conventional method of connecting photovoltaic 
elements to each other, however, has the following 
problems. 

To fix the conduct iye ¥ 




subs^ate "using solder; ; /a/;;i&^ 

-be heated to melt and fix the' solder.'' ""The^heat;,/' 



however, is transferred through the thermally 
conductive 



e metal subs tr ate £ arid^tte^^ 
dgg^ad^i over a .wijaez-aj^ 

:/ , lire :a44^i$^^ 
s^ic^^ dependiin^^ 




may degrade the conductive adhesive provided on the 
semiconductor element to reduce the adhesion strength 
and electric conductivity, thereby reducing 
reliability-. ,'; 

(3) Since the solder must be melted, at least 
abdiiit ten s ^ I ^ s fl ^^^ uire(i to heat and cool it, 
^thereby jre&ucingj mass-productivity. 

(4) If an automatic machine is used for mass 
production, it is difficult to control the temperature 

10 £so asj to achieve uniform soldering and to control the 
tijo of a soldering iron. Thus, automation is 
difficult. 

(5) Even when the solvent^such as MEK^Ls used to 
wipe off the excess solder, fluxes adhering to the 

15 substrate cannot be easily removed to cause rust under 
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welding^f or cutting^or in thermal treatment for 
semiconductor materials. Such a method can more or 
less solve the problems of the connections using 
solder. . 1 • " : . • '• , .J.;',V. 

It is important for the non-contact treatmerit, 
hoWever, to efficiently absorb light, heat, or 
electromagnetic waves. When, for example, a material 
such as gold, silver, copper, or aluminum is used which 
are frequently used for electrodes for electric parts , 
in particular, photovoltaic elements , these material s 
have a high surface reflectance with respect to the 
laser light and therefore exhibit a lower efficiency of 
absorbing energy. Thus, the idea for improving the 
absorption efficiency of energy is required* Also, a 
method of improving the absorption efficiency of energy 
is required that can increase the efficiency of energy 
^sorption without the need^ for addi t ional ^ t^s|/a^ ^( 
ffclia^^ ^t^bl^-ahd 




SUMMARY OF THE INVENTION --Q^-X- 

It is an object of the present invention to solve 
: the above problems in, order vto provide a photovoi^lc^s^; ^^^-.^ ^ :/ : 
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speed treatment and that utilizes an energy-absorbing 
medium, and after treatment, the medium does not remain 
on the treated surface. 

j : : The present invention solves the above problems [at 
a timej to achieve the above objects. The present 
invention provides a photovoltaic element module 
comprising at least two photovoltaic elements 
electridally connected to each other, wherein a medium 
capable of absorbing at least 10% or more of a light 
having a wavelength of 0.4 \xm to 2.0 pm is provided on 
ari electric connection portion of the photovoltaic 
element. 

In addition, the present invention provides a 
method of producing a photovoltaic module, which 
comprises ^ step ofj electrically connecting at least 
two photovoltaic elements to each other, wherein ^heT) 



step ;i^^^ep of proyiding^n a part of a firsts 



4 -^atov^iLtaic v element/^medtum 



of 



:at: 



20 



of more of ^ a a wavelength of s;0 i 



nd then irradiating the medium with the;; 



laser beam -of wavelehgthf0.4 um to 2.0 um to 
v electrically connect > the : first and second photovoltaic 

■ ■-■'■^^^ 

l^oto^ltaic .module..;.^ 

xibrinectiiM^ , 
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of the photovoltaic element has at least a conductive 
substrate, a semiconductor layer, and a light- 
transmissive electrode, and wherein (%he step is a step^ 
^^electrically connecting th^ conductive substrate of 
a first photovoltaic element and the light-transmissive 

electrode of a second photovoltaic element to each 

Inflict 
o thereby laser welding* 

Moreover, the present invention provides a non- 
contact treatment method of carrying out treatment by " 
using an energy supply means for applying energy, whiph 
comprises placing a non-adhering medium capable of 
absorbing the energy on a material to be treated and 
irradiating the non- adhering medium with £the] energy . 

Moreover, the present invention provides a method 
of producing a photovoltaic module, which comprises 
step^o^ electrically connecting at least two 
photovoltaic elements to each other, Wh^r^n ^ ^J||e| 



ireih ' £fte stepk ; v- r'M0£&' 
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um- with . erai^^t^ 



element and j ^xudiu Lljijj f the medium^, 
electrically connect the first photovoltaic el^eht aihd^ 
a second photovoltaic element to \ ..eafch* fot;t>er 



•BRXEF DESCRIPTION OR JHE^ DRAWINGS 



Figs. lA and 
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planiview of the photovoltaic element as seen from its 
light-receiving surface side, and Fig. IB is a 
sectional view of the photovoltaic element shown in 
^ the line IB-IB in Fig. 

Fig. 2A is a plan view of two series -connected 
photovoltaic elements; each of which is shown in Figs. 
1A and IB; as seen from their light -receiving surface 
sidew Fig. 2B is art enlarged view of the series- 
connected portion in Fig . 2A, and Fig. 2C is a 
sectional view of t^e portion as shown in Fig. 2B; 

Figs . 3A and 3B are schematic views showing an 
appearance of a photovoltaic element module according 
to Example 2 of the present invention. Fig. 3A is a 
plan view of the photovoltaic element as seen from its 
light-receiving su^^ side, and Fig. 3B is a 




20 



■ <F±^ of two series-connected 

^phdtbv^ltaie © of which is shown in Figs . 



25 
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to Example 3 of the present invention. Fig. 5A is a 
plan view of the photovoltaic element as seen from its 
light-receiving surface side, and Fig. 5B is a 
sectional view of the photovoltaic element shown in 
5 Fig. 5A, which is taken along the line 5B-5B in Fig. 
■ 5A; 

Fig. 6 A is a plan view of two series -connected 
photovoltaic elements, each of which is shown in Figs. 
5 A and 5B, as seen from their light-receiving surface ' / 
,>! 10 side. Fig. 6B is an enlarged view of the series- 

"j! connected portion in Fig. 6A, and Fig. 6C is a 

Sjj sectional view of the portion shown in Fig. 6B; 

J^j Figs. 7A and 7B are schematic views showing an 

5 appearance of a photovoltaic element module according 

*K 15 to Example 4 of the present invention. Fig. 7A is at 



Ifi plan view of the photovoltaic element as seen from its 
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appearance of a photovoltaic element module according 
to Example 5 of the present invention. Fig. 9A is a 
plan view of the photovoltaic element as seen from its 
1 igh t - r ecei ving; s ace side, and Fig. 9B is a 
sectional view of the photovoltaic element shown in 
Fig; 9A, which is taken along the line 9B-9B in Fig. 
9A; ■ * ; ; y- .■ ' 

Fig. 10A is a plan view of two series-connected 
photovbltaic ^l^erits; each of which is shown in Figs . 
9A; and 9B, as seen; from their light-receiving surface 
side. Fig. I0B is ah enlarged view of the series - 
cohhected pbri:i6ii lift Fig. 10A, and Fig. 10C is a 
sectional view of the portion shown in Fig. 10B; 

Figs. 11A, ilB, arid 11C are schematic views 
showing an appearance of a conventional photovoltaic 
element modvil^^ ; Fig i: llA is a plan view of the 
jphqtp^l^ from its light-receiving 




sectibhal v±&^b£:y^hMk^i 



: pti^d^ 11 Ay which fs:m^Mn§: 

along; t^ HA, and Fig. lie is.a 

"plian view of two ; sferies ^connected photovoltaic element s 




^ element; 

' X " : - : i:F||^^ the . ref l^ctive';;^^ 
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between the photoabsorptivity of a medium and the 
welding stability; 

Fig. 15 is a graph showing the welding stability 
of a :light-absorbing medium; ;, : v 

Fig. 16 is a graph showing the relationship 
between the thickness of a film and the adhesive 
strength of the film after welding; 

Fig: 17 is a schematic view showing a laser 
treatment method according to Example 6; 

Figs. 18A and 18B are schematic views shbwing^n: : 
appearance of a photovoltaic element module according \ 
to Example 7 of the present invention. Fig. 18A is a 
plan view of the photovoltaic element as seen from its 
light-receiving surface side, and Fig. 18B is a 
sectional view of the photovoltaic element shown in 
Fig. 18A, which is taken along the 1 ine 18B- 1 8B in Figv 

18A; • \ : &v."'.-''" : :-,..- ."• 

^^^i9^.\^' A ' is a. 
' ^S^^ifeaic r ei£ni^^ 
18A and 18B, as seen from: t*€^ 

side. Fig. 19B is an enlarged view of ' the • seri^a^§^%^.-_ 




6dht act medium and its welding reliability; arid 

Fig. 22 is a graph showing the relatioiiship 
between th6 mean square surface roughness of the ndn- 
GpritaGt medium and its, adhesion strength to a treated 
material. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS ?. 

Preferred embodiments of the present invention are 



described below with referenda to the drawings. 
^Phbtb^olt^ic element)^ 

Fig; 12/ schematically shows; a sectional view of an 
ex^j^le of a ^hotovdl taic element used in the present 
invention. In this figure, numeral 701 indicates a 
substrate , 702 a lower electrode layer, 703 a 
s^ico^uctbir layer, and 704 ^ri upper electrode layer . 
MfeipM^ element shown ih; Fig . 12 can be ; - 



r Z0:" L • • : a^r|^ cells, such as a single- /•.-•>-•: ;-/,•:- 

V^c*^^ solar cel^or : a splar . 
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be conductive when the substrate 701 also acts as an 
electrode. The substrate 701 must be durable enough to 
withstand the heating temperature for forming the 
semiconductor 'layer. 703 . ' . //i^i:/;:^ 

The conductive material for the substrate 701 
includes metals such as Fe, Ni> Cr, Al, M6> Ta> 
V, Ti> Pt, and Pb; and alloys thereof, for example, > a- - 
sheet metal such as brass or stainless steel; and!^^ ; 
"'composites thereof-. "/ ' : - : '%' y : y'' : y 

The electrically insulating material, f pi: the 
substrate 701 includes heat-resistant syhtl^^i^ 
such as polyester, polyethylene, polycarbonate, 
cellulose acetate , polypropylene , polyvinyl ^16rid^, 
polyvinyl idene chloride, polystyrene, polyamide, 
polyimide, and epoxy resin; and their composites with 
glass, carbon, boron, or metal fibers; glass; and 
ceramics. 

. ^-'^^^ Iay4#7p2^^ 

electrodes for collecting electric power gerie 




the semiconductor layex; 703 and must Slave; a-work 
function^ 

/ain^i^ii? contact wi th> a £^icc^ v " ' ■ - : ''-- i > :: - v — ■ 



The : mat^tial for^ ^e/lo 
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thereof; and transparent conductive oxide ( TGO) . 

7 The surface of the lower electrode layer 702 is 
^tesifabl3j smooth, but may be textured when it 
i£r^gul^rly reflets v ligh"t.i In addition, when the ; 
substrate 701 is conductive, the lower electrode layer 
702 may be omitted. 

The lower electrode layer 702 may be provided by a 
weil-known method^uch as plating, deposition; or. 
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^Semiconductor layer. 

The semiconductor layer 703 of the photovoltaic 
element u^ed in the present invention comprises a well- 
known semiconductor material generally used for thin 
film solar cells. Specifically, it is possible to use 
as; the semiconductor layer 703 , a pin- j unction • 
amorphous s il icon 1 aiyer > a pn- j unction polycry s t al 1 ine 
sll^ 6f a compound / s^iconducto^ 



ili/SO, 




layer 703 -IsJuanf anppj^^u^v;;, 



20 -.,slli^ by introducihg a raw 



mis^^ gas for forming a film, 

■ ^jr^sj.u::^^ • - - £ or generating • pla^a ; : 
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the electron beam deposition method/ the sputtering 
method, or the electrodepositon method, 
flipper electrode layer)^^ 

The; upper eledtrode layer 704 is pne ; of the 
electrodes for collectin^^^ctrombtive force generated 
in the semiconductor layer 703^and v is paired; with the 
lower; electrode layer 702 ■. Like the loyef ielectrode 
layer 702 > the upper electrode layer 704 must [have a 
wor^ f urtction^such ^that the layer 704 f oirms :aii bhmic 
contact with a semiconductor. The upper electrode 
liayer 704 is required when the semicdriductor layer 703 
comprises a semiconductor such as amorphous silicon 
having a high sheet resistances, and is not particularly 
required when a crystalline semiconductor is used, due 
to its low sheet resistance. 

When the substrate 701 is opaque, the upper 
electrode layer 704 is necessarily located ori the 



704^^ 



.. , '^^M0Mf^^ : ^^M>> 

electrode. To allow light from the sun or a 



fluorescent lamp to be efficiently absorbed by thf 
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is preferably lOOfl/EF orVless , The material having 
these characteristics and preferred for the upper 
electrode layer includes metal oxides such as Sn0 2 , 

P3 ; ZnO, GdO / €dSn0 4/ ; and : ITO ( :In 2 0 3 +Sn0 2 ) . 
l-Contact method of producing 

photovoltaic element module-f 

The non^contact treatment according to the present 
invention can be applied to welding or cutting of 
vairip^ parts- or general 

stiruct:ur6s formed of either a metal material or a non- 
metal Material by energy irradiation, to etching or 
pktt^rriirig durihgf a step of producing an electric-part , 
and to the thecal treatment of semiconductor 
materials • 

1^ laser welding is applied 



tmpkr^icto elements . The energy 



sup^ and the 




20,^ mod^ invention. 

■n;v:>:.//v*^^ .... , ' ■ 

m^anSi according to the 
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present invention includes a solid laseij^\such as ruby 
(Cr 3+ : Al 2 0 3 ), YAG (Nd 3 *: Y 3 A1 5 0 12 ), phosphate glass, 
silicate glass, YLF ( Nd 3< : LiYF 4 ), or Thailand sapphire 
; . (iTi?!: /A1 2 0 3 ) , and a gas laser such as cp 2 -laser-excited 
or discharge-excited far infrared radiation or rare gas 
ions . 

. The metal material used .for a system^such as a 
solar cel^^hrough) which- a ^iglir current flow^r^ ■ 
^ ^ to reduce 

Ibsses caused by the resistance. As shown in Fig. 13, : 
however, the reflectance is relatively high when the 
ntetal is irradiated with light having a wavelength of V 
0.4 via or mor^ it has been difficult ^*feat laser light 
having a wavelength of 0.4 \xm or morels used to weld 



the meta^ 



1^ l^^ciAiiBr lasers . Accdrdifigly , the use of la££r/::; 



ta^J. On the other hand, the use of laser 
pfi l^ss than 6 .4 pm Increases l^^osts o#- £ dUili^ISS 




20 




The present invention j^^lesKlaser light haying at 



wavelength of 0.4 ^im or mbire tp^^ use<Oto^weld 



metals 
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K^^Amp^4-^< : Ai . ..■ T,n ar: YAG lasers have 
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excellent char<acteristic^such as their capabilities of 
transmitting laser light through optical fibers and 
;fekeeuj±ng^ laser 
transmitter. They also enable the welding conditions 
to be changed by! the selection of optical fibers and 
outgoing units and aliso enable one laser beam to be 
divided into eibo^ to about 10 beams . 
Idiumica^ 

The obtained when^ metal 

ist irradiated ^;witli light d^ends on the type of metal, 
and is |^^ ^Jkw^ 13V Despite the amount of 

reflection depending on the wavelength, most 
irradiation light is reflected particularly at the long 
wkyeiength s For example, at 0.7 pm, which is 

d3jcfe^ (0.69 pm) , 

and aluminum 




gbld^^ are 98.2%, 98.9%, 

9ft* 5£;S^ Thus, it has been 



di gold, silver , copper, 
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of absorbing 10% or more of laser light is provided on 
a surface to be welded to reduce inappropriate welding 
while enabling stable laser welding. In particular, 
the medium, preferably has an absorptivity of 10%; or • ; 
more at 0.4 pm to 2.0 pm, which is in the wavelength 
range of the above solid laser. 

Fig. 14 shows the effects obtained ••" by providing a : 
medium capable of absorbing 10% or more of laser light 
ori a surf ace ; to -be; welded . ■-"*.'■£' 

Fig . 14 i s a graph showing the relationship 
between the pho^pabsprptivity of the medium and welding 
stability Obtained when a copper foil and a silver- 
plated copper foil ( each having a thickness of 100pm) 
haying a high reflectance were selected as a metal to 
be irradiated with laser light and whenj^pa^nt was 
applied uniformly to the surface of ^the metal as: the 
m^iiupy followed by the : irr^ 




used : f pir eyalua t ions • In addition, wejLaing .^j^^jipt^H 
out undier cohditipn^ optimal for each :ref JL&cp^^^^^^ : - , > 



( howeyer; copper and sllyer^plated e ^ , 
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portion When observed using an optical microscope^was 
regarded as a good product ( non-defective product ) '.' 
Thus, all the obtained sampled were evaluated based on 
the riori4 defect ive percentage : 

Since copper and silver reflect 98.0% or more of 
laser light having a wavelength of 1.06 pm, the welding 
stability of the metal is noirmally 40% or less^jthey 

Hif f irrul t tn subjBct^^p laser welding. As 
shown iii Fig ; 14 , hbWiever , by providing a medium 
capable of absorbing light on the surface of the metal, 
it is- possible to improve the welding stability of the 
nietal. in piar t icul ar , the welding stability is 80% or 
more when the medium has a photoabsorptivity of 10% or 
more . 

The erie^ required for welding a 

mfe^ta^ by using iaser light can be represented by the 



outgoing energy ) U-x 



^r^^ welded -using laser 

. ; '?lig^ energy than - the ;, 

-* >: -^*i^ consideration of the 

- ■•■..•■-■ ! --. " : ->..v.-" 




^ ^«^**«w^^^* If, for example , t he 

^^^ift^©^^^^W^^^®it^e' of 90%> ±t i%h^es^^ 
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metal,, the metal Li ^mfiulOhand +- h p p^n-,™ m^^.rna/tiiy 
absorbs laser light. Consequently, most^ supplied 

yL* fag 
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QinQrgy . When , however, the 
metal is, for example, a thin foil used for a 
photovoltaic element, excessive energy may increase the 
temperature of the irradiated portion above the melting " 
poiiitipf the metal, resulting in holes in the metal; 
In th<e ; present invention, a medium capable of absorbing 
iaser light having a wavelength of 0.4 pm to 2.0 jjuit is 
■picdif'iM^^P 1 ^ the surface* of a metal to be irradiated 
with laser light to restrain the reflection from the 
surface of the metal and allow laser light to be easily 
introduced into the metal/ For example, in the case of 
executing welding that requires 5 J ariorg^/ 50 J outgoing 
eiiergy is required when the reflectance of the metal is 
V.^^>;;^^ieas^ it is possible < to ex^ 
?.ou£^ 

. g^fg|^j^^-^p/- 80^ by using Ja^ 

providing a light-absorbing medium oil the surfabS p£ 
m^tal haying high surface reflect ion 7 the outgoing 
^i^ri^ jof laser lights <b£ri ibe^f^ 
'^^^n^g^ktioii^ can prevent holes ^frt>m iDeinci ' : 6rmedi:;i^%# 

! ^' ; - ; ^S^^^3^hdugh .-the abb ve/ di ^ciisi sioh ]G 4:a^^feft®lil 




ititil 




Pill 
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may bej^fee lee t ed as ■ 'apprpprla^ 




10 



15 



insulating or conduct i^r matejz^rf^- The insulating 
material used for the medium according to the present 
^inveritibh, however must heated:, dur i rig : ; 

welding to maintain the conductivity between the metal 
members . . 

^ fl ( Sp£ci f ical ly , the ob j ect of the present indention 
cani Be sufficient ly achieved by coloring the surface of 

'MlftGi i^^l member using; felt peh or ink jet . The color 
is preferably other thari white §p as3 to provide a 
larger p^ • To Improve the 

ireidiiig stability, ah ink application method that 
enables ink to be uniformly applied is preferably used. 
Various methods can be used ^ for example, the hardening 
Of a silk- screen-printed ink by using a hot air drying 

'•furh£c&. v 



^Jlrtj^ using an ink, a film 



20 



example -trade n^e : ffi 



; X30; produced by Torayi Industries , Inc. ; and trade 
n^^ producedl by ICI Japan Ltd. ) may be 



••,<• J;';-;jst^ meriiber , and the| it^tal 




4., 
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30 pm, welding is stabilized to allow the d§ ilm to be 
removed easily after welding. 

Furthermore, when a conductive material is used as 
the medium, a metal material of a larg(<e; photQ-w 
absorption coefficient may be selectively used. 
Specifically, an iron based materials such as stainless 
steel, a material plated with Ni or solder; a material 
obtained by treating in a strong-acid solution to 
oxidize or etch the surface of a metal, a material 
coated with carbon black, or a material with conductive 
fine particles dispersed therein may be located on the 
surface of the metal member, which is theri welded 
together with the conductive material • After welding, 
the conductive material is preferably removed, but may 
not be removed depending on the material . 

The metal member may be plated with Ni or soldiBr ^ 



to use the Ni or spider as the 



20 



were obtained when the above-mehtiohec^medi 



laser were used to carry out 



The details of 



i^dia shown in Fi g > ^} ; ^%}a^^6^^^^ r 





& Chemical Company) 
Printer 
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Ink jet printer: 



B^abk PET tape : 



Photoabsorptivity : 60% 
JP-K27 (produced by Hitachi 
Manufacturing Company) 
Dedicated printer 
Photoabsorptivity: 25% 
MQlintwr 427 ( produced by ICI 
Japan Ltd. ) 



( Jn^ t df^r ^^ (produced by Tor ay Industries, Inc.) or 

jftlTdfr T ( produced by Toray Industries , 



black-treated 
Inc. ) 

Ni platihg: 



Sur f abe^okidat ioii : 




Photoabsorptivity: 60% 
Thickness: 2 pm to 5 ]im 
Photoabsorptivity: 50% 
Elec t iroly t ic treatment: 

: ;: 2p%;/Ja:|- 
results ^ ; ^that^ 



20 



is; ^ were 70% or more. 

; ^ sire applicable as the^nori^ 
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terephthalate film, a polyethylenenaphthalate film, a 
polycyclohexylenedlmethyleneterephthalate film, and a 
polyethylenebisphenoxycarboxylate film; pblyolef in 



f ilm^such as^polyethylene f iliiu; ianc^^lypropylene^f ^ 
i^6^11ulose derivative filn^such as a cellulose acetate 
butylate film and a cellulose acetate propionate film; 
vinyl resin f ilms^uch as a polyvinyl chloride film and 
a polyvinyl idene chloride film; polymer f ilms^uch as O/ 
polystyrene film, a polyamide f ilm; a polyimide film, a 
polycarbonate film, a poly sul f one film, a polyurethari<e 
resin film, an epoxy resin film; and a fluoride resin^ 
and a composite material compri s ihg the above polymei: 
film laminated with a thin metal f oi^such as a 
stainless steel foil, a steel foil, or a black alumite 



foil. 



When the medium has at lea£t the polymer film 




ttieu pplpn^t f ilm >' ;i^^ 



irradiation . In addition; the pplyrner f ilms [is 



Sfuppiiea /in a[ long^jbizq so thatjp 



Can be cattxied ; 



diit faith a high m^ •• . • ; . '• 




capability can be further improved by attaching the 
magnetic surface of the magnetic tape to a material to 



be treated. 

Furthermore,, the surface of the non- adhering 
medium w hich » attaches to a material to be treated 
preferably has a surface roughness /of 0.1 nm to 5,000 
rim. T * ^ a OQ ^ ~ > " Kq; ^^'vjHi-i Q oo or 5, 000 nm or less, 

the non^adhering medium guides, for 

example > laser light to the material to be treated as v 
shown iff Fig. 21. When the surface of the non-^adheririg 
medium wMOlr is attached to the material to be treated 
h&s a surf ace roughness of 0.1 nm or more in mean 
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application or deposition of a selected material • 

As one example of using the polyethylene^ 
terephthalate film, the protrusions on the surface of 
the polyethyleneterephthalate film can be controlled by 
the selection of a polymerization medium for a raw 
t^ftBt±aJ> ^>lym^ or by adding inorganic particles to 
the filmy as disclosed in Japanese Patent Publication 
No; 30-5639 . More specifically/ there is a method of 
adding an oxid^uch as Si0 2 , Ti0 2 , CaC0 3 , or Al 2 0 3 or an 
inorganic sal-^during the polymerization of the raw 
material or during the melting of pellets prior 

to drawing . 

Iii addition, 

deposited mater it^L^on to the medium include^ carbon 
black, graphite, titanium oxide, b«arium sulfate, zinc 
sulfide/ magnesium carbonate, calcium carbonate, zinc 
oxide, -./ttlatiua oxide, magnie^uji okide, turigst^ 
•disulfide; molybdenum -4isu3Midei 



i , fefere materia^ whic h irs applied or 




disul^de> silicon disulfide/; 

s i iicdn carbide , cerium ii>xi^e, cotuhdiiiri/ artif^g^ ; 
diamohdy iron oxide, garnet / sil ica rock , silicon A K-0£$ : 
' i^^ide; mblybc^ .''tung^|^nv;V ^ jl'^^MMM 

caj^ cai^i^pS 



:d|i^^ earth/i;^ y^M&^$ : :0 : ^^^^M, 

5iieft-^^ ; Arre^ 
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dye, an anthraquinone dye, an indigoido dye, a nitto 
and nitroso dyes, a quinoline dye, a methyne dye, a 
thiazdle dye, a quinoneimirie dye, an azine dye, an 
oxazine dye, an thiazine dye, an azoic dye, a 
diphenylme thane dye, a triphenylmethane dye, a xanthene 
dye, acridine dye, an oxidation dye, a sulf idization 
dye, a phthalein dye, an ami noke tone dye , or an 
oxyket one dye . 

Paper, cloth, or a material coated with a 



pigment^uch as carbon blackly usia <f a nozzle coat er^ 




is preferably used as a non-adhering ant i -reflection 
medium because "residue" resulting from heat during 
laser treatment is unlikely to stick to the treated 
material . 

The means for supplying the non-adhering medium is 
not particularly limited and may handle a sheet medium 
pic a roll m H^e^r^ the medium can be 



^ atta^edSarM^ to such means^and^ 

dtiofffi in ftorioidegQtioft of -v 
mass production • 

When a sheet -like medium is supplied, it may have 
t o^l^iii^^aqed ; . at t he ; ;^d^^o f each treatment or a njeans 

-m^SS^^ position so as to 

• ; t ; a^ti^^ with energy. Thus, 
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continuously supplied by using a simple delivery arid 
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winding mechanisms, thereby enabling mass production, 
laterial to be treated^T 

The material to be treated may be selected from 



various metal materials or non-metal materials^ahd is 

7 s 



not limited. The present invention, however, is 
particularly effective for a material having ^Uow 
absorption ohQrQotQr iotd L^with re spect: to -ewT'tiseZ 
energy 




Specifically, the present invent ion is 



effective for a high-reflection material haying 
/rroif ] cctnrioc or 40% <ai muie o 





40% 

Ac t*h^ ^s&eclf ic metal materiali ty be ti * ^ 
nnssibklto. use mo-ha-l-- n.nh nr> Ni , Cr/ Al, Mo, Au, 

Nb, Ta, V, V Ti, Pt, Pb, Ag, or Cu, or an alloy thereof , 
for example, stainless steel, brass > or riichrom€* • in 
particular, as a metal insiterial u^ecfc fbtj a^|elebtrp^ : ' 
«#cng,ari -, electric part 
mat0ria©)such tt.-qoiA^&^ 

preferably used jUtul litfB low res i stance^ to reauce s v v" '^^S^{0^^R : '. 
Jht resistahce^osseg^. Laser light, however , is noticeably ^M^P''' f H : 
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required for welding or cutting. Consequently, the 
application of such laser light has been limited. 

In addition, as the non-metal material to be 
treated; it is possible to use a - synthetic ; res in such 
as polyester, polyethylene, polycarbonate, cellulose 



acetate, polypropylene , cr ^|5^^ 



polyvinyl idene chloride, polystyrene, 
polyimide , an epoxy resin > or a f luororesin^^^ass. 
fibers, carbon f iber s , or boron fibers, and glass bir 
cera^ 

Tfee J^teria JT to &e:Qr&tiwed or the semiconductor 
materia^ to be thermally treated by laser light during 
etching or patterning in the step of producing an 
electric part includesT single-crystalline silicon, 



polycrystalline silicon, amorphous silicon, 'i c h^^mpoiinfl 

siliedn^such as Cul^ and Sri0 2> lri 2 0 3 , ZnO, or I TO 

. (i^iim" t'in Qk±dj&,); f ^ _ '\:-Z.^ i ; 

£^ : -: 

inve^iohj haiis * by the an\^ntqrs^ v 

conducting^ expe£ imj^^ investigations in - 



is reliable and can be 



order to •rp'aTifia a method; 




r rrr f TV n ti t niti n t r rl in^vfff^^f^^^^ a photovoltaic?/ 
eieS^^ '.at .:le^st^%wp;' 

^^eries^br' in parallel • ■ ;^his^ 




MR 



welding point has ^ smallest ar^a, the present 
invention has^eitf^poi 

Thus, it' can obtain - almost all thiT specif ic 



portions adversely affected by heat- 



characteristics of the- semiconductor • ThifS tif f BU L. can - 

further im^jiuveiiJ "" i 3y separating a portion where 
welding is carried out by laser from effective areas 
via etching lines . 

(2) In connecting photovoltaic elements^each 
comprising a semiconductor element provided oh the 
metal substrate, the metal substrate separated from the 
effective areas via etching lines can be directly used 
as an output terminal electrode, thereby omitting the 
step of forming a terminal to reduce the non-electric 
powefr-genelration area. This also applies to conductive 
substrates other than metal substrates . 

(3) In electrically connecting adjacent 
photovoltaic elements to each other, a metal member isg 



~0 >' 



provided on the electrode portion^ ^ the s^iQohdu^ 
ei^ent and the metal members of the phbt^ 
elements wer&» electrically connected to each other by 
Qisingjlaser welding. Therefore, the semiconductor is 
affected by the adverse effect of he^ 



collecting electrode of the photovoltaic element and 

fa 

the metal member provided on the electrode portion " 
nrfi&r X n fi 1 Pipl 1 fj w thn-ntfT ^^Tn the conventional 
techniques using- solder, heating for -melting and. fixing 
solder causes the conductive adhesive to ^^degrade^-*©- 



>caducar the yield. The present invention, however, 
solves this problerp^ to eriab'rc the conductive adhesive 
to h Q M^ Q/ i i n thp ^^^f^^^nri i m i ng a photovoltaic 



element module; 



10 



(5) When the metal members are welded together by 




laser light, the metal material has q rb f 1 o 6 1 i om 
^^haracteristig^uch ais Wiii C shown in Fig. 13 



T^eref ore^laser light >e ggquirod itoi hauu J higher < 
Qn&r flY nir 1rhr -nffnrr reflection losses of the metal 
15 ^than actually required for weldipig. However, once 



laser light is- introduced ifvto-rthe-met- 



the metal 



melte^ and thereby 



20 thin foil: ; used for a ; thin phdt^oite element, an 

excessive* amount of ^energy iiwfmee the temperature of 
th& p^i^ioh^ii^^ laser light -above the 

boiling 'to fe?T "formed^- •i&S;-;v. 

- iiv^the^ ■ ; ; ; InV:'th€^;^pTO^ni ■ invention-,. . a*-/. ; 

25 ;ih^d±un^ dr ^more of laser ligft^||p||S| 
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reflection from the surface of the metal member in 
order to allow laser light to be easily introduced into 
the metal member. This configuration can reduce the 
outgoing energy of the laser to simplify the welding dif - 
metal with^high surface wif luulluii^ ,and stabilize^ the . 
welding strength, thereby providing a reliable 
photovoltaic element module. In addition, the outgoing 
energy can be restricted to increase the lifetime of an 
expensive outgoing lamp, thereby reducing running 
costs. 

(6) An excellent solar cell can be provided by 
forming a metal member consisting of at least one of 
gold, silver copper, stainless steel, and aluminum as 
a main component. The metal member from which electric 
power generated by the photovoltaic element is 

externally obtained io luyuliBU Lu be a conductive 

K W cf ■ 
material that minimizes output losses and tov e ^f hitjr]^ 

■ /: - ' . ... -^iM^M&^^&^^M^ 




few resistance losses can be provided by using 
gold, silver, copper, stainless steel, aad aluminum. 
In particular, stainless steel can be used to prbv£d&^&>? 



10 



15 
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a wavelength of 0 . 4 pm to 2 . 0 pm ^include^T ^-mcLhuCl Uf 
uoirig as a medium a part of the metal member used for 



the photovoltaic element, «iud ^niothod 
supplemental*^ supplying a medium during the 



production step^ wh-f^h c^ry h& g^grrM ^Ur^uy^r\ - 

TTi it liiuLliuir 7^j!^M^iiir i U 11 1 " r the metal member^as the 
urn w r^i 11 ^ oc; ^ m^thoH ni^rpati ng the metal member 
in a strong -apid^ s to oxidize or etch its 

surface, ^ surface of the metal 

member > ; and^,c^m^ rj^obating the surface of the 

metal m^^ In addition, the 

method of supplements the medium during 

the production step includes a mmthndi St. closely 
contacting a material of a low surface reflectance *e 



the surf a<Se of the metal member and irradiatina the 
metar m^tidtoer with laser light, from -fch# side of the 
mnT^Tl^ M l ,1 iin.i" tn weld the metal 



surface:-" 



20 



rem6ye<^|^^ depending on the 



materia^ 



3i tSfe absorbing light; is 
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screen printing^ one Qf wWi rrh ran b o c Ql ootivaly ■ upg i d . 
Evfen when 'metal is used t-faaL ±3 caoy to roflnat iQaei? 
liiglTET a color ink can be provided on the surface of 
the metal to allow laser light to be easily introduced 
into the metal, thereby providing a stable welding 
strength to form a very reliable photovoltaic element 
module, 

(9) The most stable wielding strength can be 
obtained when the medium capable of absorbing laser 
light^jrtiich is provided on the surface of the metal 
member^s a film having a thickness bf 5 )im 30 jam. 

Based ion the film characteristics, the film material is 
selected ^o as| to match the wavelength of laser light 
use( ^ and is advantageous in controlling quality^ such 
as thickness . In addition, when the metal member is 
ir^adi^ted with laser light from the film side to weld 
th^ metal member with the film, the film can be e^ily; ^ 
peeled f 6£f after weldiiijj Aah^ the^ thickness ^ 'p£00^^0^.;' 



''•■GVv!'.'' : 



is f rpp5; }im to 30 pm. ; ^ ^ ^ : ^ ^ . • 

(10) When the medium capable of absorbing laser 
light ^which is provided on the surface of the m^tal 
mdi^^ of at least: Fe, Ni> or solder- , l^e-- ;p: 

welding strength can be ■ s^bilized^j^nd the/:nti^ 
dpe^^ can also be re^^ by 

Fe^lNi; ^ or : solder oh --lifre^ -^Ui^m 



- 38 - 



20 



CM 

element is\exterAally obtained must be conductive to 
minimize output /losses a«d must havo o - weather 
resistan^ysuch' as long-term stability^ drtet Therefore^a 
material plated with 'F^-KiV or solder is preferably 
5 used when the metal member comprises , for example, 
copper. 

The non-contact. treatment of the present invention 
is an improved non-contact treatment using, for 
f => example, laser or haiogen light to cut or weld a high- 

^ 10 reflection materia^^uch as gold, silver, copper, or 

^ alvMinum that is of^ri used for electric part such as 

W photovoltaic eleme^s^^ Uyyil Ub Luinud by th o ■ 

iU U iiii |i i i i l jn itB r n n r1 n rt | t^^ '1 11 T ' j' ! V " J 1" 

C3 a **d" uaiuuu b in g ^f ^ Liy d L1U1AL> . In addition to 

fU 1 5 the effects describe^^^ above ( 1 ) to (6), this 

p methbd has the following : effects . 

(11 ) The present provides a non-contact 

energy comprising placing 



on ^ materiai^^ non- adhering medium 
capabld of absd the non- 

adh^ wi^ can achieve 

-|&at^ the physical 



chairae^^ determines/ the 

25 r^ treatmenl^ecause 

•^v . — - - ■ - ■ r> 
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(12) When the surface of the non-adhering medium 
that closely contacts the material to be treated has a 
surface roughneiss of 0.1 nm to 5,000 nm in mean square, 
more stable welding is possible and the non-adhering 
anti-reflection material can be <£emd^e<| eaisil^. Beyond 
5,000 nm, stable treatment is impossibl^3ecause the 
medium does not closely contact the material, whereby 
energy is not efficiently introduced to the inside of 
the material to be treated. In addition, below 0.1 nm, 
the non-adhering medium doocly ' eoiitae t a thft material 
t o h Q tr 1 111 1 1 11 siflfVi i ± leant l^SaticJcD to the material 
during energy irradiation, whereby the medium is not 
easily removed after the treatment. 

(13) When the non-adhering medium has at least a 
polymer film, that is, when it is, for example, a 
polyethyleneterephthalate film mixed with carbon black, 
a polyethylenenaphthalate film with carbon black coated 

^ip^i^feited on its surf ace;, or a : materia^|wit|i:a 

foil' i^ih^ thereon ,. i^/ can be 
r^oved more easily after energy irradiation because 
the above material is very strong and thin and because 



the polymer film isii dissolved and y^c^ili^e^l during 
^^ir^> irradiation . In addition , poller films are 
supplied in a long size enough to ^a^si^^ 
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is ia magnetic tape. The magnetic tape is excellent in 
stable workability, mold-releasing capability, and 
high-speed treatment. The mold-releasing capability 
can be improved by closely contacting the surface of 
the magnetic tape with the material to be treated. 

(15) An object of the present treatment method is 
to efficiently guide energy to the material to be 
treatec^and th 4 particularly suitable energy is light, 
heat, or electromagnetic waves. 

(16) The anti-reflection material (non-adhering 
medium) is irradiated with energy^hile the non- 
adhering medium is holding the material to be treated, 
whereby the medium and the material Gieoe*y contact u/It\, 
each other r tifctrily to j nalto treatment s table ■ 

(17) Since the non-adherin^^^dium is removed by 
energy irradiation arid/or afteryi non-contact treatment, 
^nohf adhering m^ in the treated part 

• ;a^i^ thereby preventing ... 



20 ■ a/^H^^^dbpar u ^^:4t,^> ■■■■ 

■ *.- • .-. ■ - .. •- . :,V;.- t*.. - . . . » 

£^ medium is supplied fronw ^ 

■ ... • . ' 

and lihLii is wound up 
" ■ cart be continuously 

^ v ^ to increase "bke^v A 



25 



treatment 
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is particularly suitable for welding or cutting. 

(20) When the material to be treated is an 
electrode for an electric pnr t, it can be joined stably 
and reliably. In particular, when the material to be 
5 treated is an electrode for a photovoltaic element, the 
nbn- adhering and anti-reflection medium does not 
remains on the electrode portion^ to impix » v er the 
appearance while avoiding the need to account for the 

compatibility with a package material. 

■ ■ . .. 

10 Examples of the present invention are described 

below. 

Example \ 

Figs. 1A to 2C are schematic views showing the 
s appearance of a photovoltaic element module according 

4* 15 to Example 1 of the present invention. Fig. 1A is a 

Iff plan view of a photovoltaic element as seen from its 

C3 • 
y s light-receiving surface, and Fig. IB is a sectional 

yiew^of th£ photovoltaic element shb^ in^ig^;; clA; ^ 

V-.' which ^is^^ken ^idhg line IB- IB in Fig. lAi, In ;\ ^^y^ 

20 addition, Fig. 2A is a plan view of two photovoltaic 

elements connected in series as seen from their light- 

- receiving surface, Fig. 2B is afi e^jLargetd view of the- 

. • - • 'portion in . Fig. :2hir^and : ■ Fig . 2C is ■ ;a-, ; s^^^kr 

sectiphai view of Fig. 2B. 

25 In Fig . lA, reference numeral W 



Q 
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104 consisting of amorphous silicon and having a 
photovoltaic function, and an upper electrode layer 
105. 

In this example, the substrate 102 for supporting 
the entire photovoltaic element comprises a stainless 
steel plate having a thickness of 150pm. An Al layer 
ij^about 2, 000 A thickness and a ZnO layer eP^bout 
13,000 A ^r^thickftessr were sequentially formed on the 



substrate 102 as the lower electrode layer 103 by tisiuy' 
th& sputtering method. In addition, the semiconductor 
layer 104 was formed by sequentially stacking an n-, 
±- r p-, n-, i-, and p-type semiconductor layers this 
order from the substrate side by *i3in g t&f plasma CVD 
method. The thickness of these layers was about 150 A, 
4,000 A, 100 A, 100 A, 800 A, and 100 A, respectively. 
In addition, the upper electrode layer 105 was a 
trahspa^Snt electrode consisting of a thin indium oxide 

and formed by 



' -^--^^^ the resistance 



heat ing ^method . Furthermore, to prevent an effective 
1 i gh t - r ece i ving area from being affected by the adverse 
effec$ of^^ the substrate and the 

/tlira^^ ' when the outer 

ci^uinife^ is cut,, - 

etpl&h^ or A1C1 3 was coat^ ^n^ 

IlliSlS^^ 
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the part of the upper electrode layer 105 in order to 
form an etching line 101. 

Subsequently, a copper foil strip eJ^lO mm i**- 
wid&, 285 mm in ±eT^Tfi, and 100 pm S^thickRe^T^was 
5 formed hear one side (280 mm long) of the back surface 
(on the substrate 102 side) of the photovoltaic element 
as a rear-surface-side conductive foil' 109, using the 
method described in Japanese Patent Application Laid- 
Open No •8-139349. One side of the copper foil strip 

p. , • •• . . . , . .. . :" 

2 io protruded out from the photovoltaic element 100, as 



shown in Fig. 1A. 

Subsequently, an insulating adhesive tape 108 

■ k/ 

comprising ^polyimide as a base and having a width of 10 
mm, a length of 280 mm, and a thickness of 50 \im was 

15 applied to one side of the front surface (upper 

electrode layer 105 side) of the photovoltaic element 
weh that the tape 108 was opposed to the back- surf ace- 
side inductive foil 109. 7 '' : '^f^^i^M 
Subsequently , a carboh-coating> wire^GGn^risin^B ;: ; #x 

20 copper wire 100 \xm^ diameter ^coated with^carbon paste 
was formed on the f ront side surface of the 
jphotoyoltaic element as a collecting electrode 106. Iiv 
this C cia^^ the carbon-coating: wires were continuously & : a 
farmed ?on , the upper electrode - l^yet 105 and the 
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Furthermore. a^frpnt-surf aee-side conductive foi,l 
107 that ftes^a fajj^fche-r collecting electrode different 
from the collecting electrode lO^was formed on the 
insulating adhesive tape 108. The front-surface-side . 



5 conductive foil 107 was formed by* placing a copper foil 
strip\©£ 20 nun in. wid***, 285 mm-Lcl i l origt h, and 100 urn 
thick iwda " on the insulating adhesive • tape lO^with 
inthrr~? i \ ' c» a part of the collecting electrode 106 
therebetween> and^heatingv pressurizing^ fxxin g the 
jj 10 strip at 200° C and 3 kg /cm 2 for 180 seconds. One side 

't of the copper foil strip <^^rotruded out from the 

photovoltaic element 100 at a side opposite to the 
H back- surf ace- s ide conductive foil 109, as shown in Fig. 

"L 1A. ^- , _ 

»P 15 To use r^or electric power generati on 

If! y ( y<^^voX^air! element produced in this manne^f a 

N plur&te^ were electrically 



Q 

in 



.. '. jc^nim^ photovoltaic element ^ 

■ ■ • "''impi^^ ': Fig^r)2A 

A^ showh in Figs i 2Aj to 2C; two adjacent 
photbyoltaic element s^^ w^ in such a wa^that ■ 

a ^aic^ foil 107 of 

a part of the back-. 
25 , .sulf^c^ - of a photovoltaic.;- 




surface-side conductive foil 107 of the photovoltaic 

element l^the back-surface-side conductive foil 109 of 

the photovoltaic element 2 was irradiated with laser 

light to be welded, thereby mechanically and 

5 electrically connect the two elements t pgetp rer. 

Reference numeral 110 Is a welding point. The laser 

for providing aOKigh power enough to weld a metal 

preferably has a wavelength of 0.4 pm and more^p nd 

jtfirfimri 111 V 1 J 111 1 I I I 1 1' pr — 1 * A laser having a. 1 

10 wavelength of 0.4 pm to 2.0 pn/1 *«ha-^Pplicable laser£ 

include? a YAG laser, a phosphate glass laser, a 

silicate glass laser, and a C0 2 laser. /This example^ 

we^S- a YAG laser (wavelength: 1.06 pm) was used to 

carry out -welding under the following conditions: 
1 

15 outgoing energy: 15.0 J; pulse width: 5.0 ms; welding 
point diameter: 0.5 mm; number of welding points: 6. 

Subsequently, the electric resistance of the laser 
weldedSJpbrtion was measured at 0.013 £2. With' xespect; ^v^'^-.^^^fe^f 
' tb of the phbtoypltaic .element' 'iQQ'^^0f^P^^0j 

20 effective area was 809.0 cm 2 , the generated current 

density was 5.38 A, the generated current was 5.38 A, 

the generated voltage was 1.2 V, and the generated 

electric power was 6.45 W^therefor^the resistance > ^; :^ 

Ibss of the laser welded portion was 0 ; 9 mW. Thi^ ■*^r?$^ 

25 ' " cc^resj^n^ 
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welded portion was measured to be in a range of 8 kg to 
15 kg. 

In this example, with respect to the time required 
for laser welding , 2 .0 seconds were required for feed- 
5 in and positioning &^the photovoltaic elements 1 and 

2, 3.5 seconds were required for welding ( including the 
movement of the laser beam outgoing tip), and 1.0 
second was required for feed-out of the elements. 
Thus, the connection of itSlT'two photovoltaic elements 
10 was completed in 6.5 seconds. 
^ That is, this example can provide a reliable 

P : . •.• • 

series -connected photovoltaic element module that is 



produced at a speed higher than that of 
conventional examples, and- a method of producing it. 

15 ^xaraple 2^ 

Figs. 3A to 4C are schematic views showing the 
appearance of a phptpypl talc element module according 
^07 Fig. 3A is a 

:^ "^pl^il^^ as seen from its 

20 light^r^ceivi 3B is a sectional 

view of the photovpitaic element shown in Fig. 3A, 
whiph^/i^ in Fig. 3A. In 

addi:*^^^ two photovoltaic 

■ :e&ei^^ seen from their light - 

. ^'^/^r^^ ' : ' ■ ■ ' - ' •■ - " 

25 ; ■ -re<^^ enlarged view - of the/'; 

^ Sserife 4 A , and Fig . 4C is. a 




Ell 



■■*\-;tfS*&Sfi%;»> 
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In this example, a material was previously plated 

with Ni on a portion to be irradiated with laser light. 

■ v 

The : Ni plating was used as a medium capable of 
absorbing light. 
5 In Fig. 3A, reference numeral 200 indicates a 300 

mm x 280 mm photovoltaic element comprising a substrate 
202/ a lower electrode layer 203, a semiconductor layer 
204 consisting of amorphous silicon and having a 
photovoltaic function, and an upper electrode layer 

10 205. Reference numeral 201 designates an etching line, 
206 a collecting electrode, 207 a front-surface-side 
conductive foil that is a further collecting electrode 
different from the collecting electrode 206, 208 an 
insulating adhesive tape, and 209 a back-surface-side 

15 conductive foil. These components were formeid of the 

same materials as in Example 1 by using the same method 
as in Example 1. The front-surface-side conductive 
f 611^207 and the rear^surf ace-side conductive foil 209 
were ibrmfed |sp .< aSJ not to protrude out from the 

20 photovoltaic element 200 . 

A plurality of the above photovoltaic elements 
were electrically connected in series. The connection 
method is described with reference to Figs • 4 A to 4G 
^fh±s example^ use^ai connection: menjber 211V for 

25 connections • First , the metal member 2 1 l^hich the 




V fi 
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til 



C3 

in 



Fig. 4C. Then, the metal member was irradiated with 
YAG laser light ( indicated by the arrows in Fig, 4C) in 



/ 



^same manner as^ in Example l^except £cnr the uoo of 



> energy , 



Reference numeral 210 denotes a 
welding point. The metal member 211 comprised an >*tl- 



f> .03 £ui 

5 

plated copper material (width: 10 mm; length: 275 mm; 
thickness: 100 pm Consisting of_aaJLn<^£^ 
conductive copper material plated* wl^/|a&-«*f ma imrrsTV 
having a thiolmQpd- of ? Jim Whinfa absorbs about 50% of 
YAG laser light haying a wavelength of 1-06 pm. Since 
absorbs YAG laser light much better than copper 



10 



{that is; i4i has fewer losses caused by reflection from 
the surface of the metal), the putJe*Tl§ energy of the 
YAG laser could be jyea'Li allied > ^hxs example^ Mggd (P - 03^ 



out^ftg 



energy from the -YAG laser/, but good welding 
toulcT be obtaihed^uiiiluji' Lhi3 uundl L 1U11 ;wn- 




^^a£^^ medium capable i v 

-'ab^brbiS^ metai^ : : . 



20 material ( copper • material ) with N± , the effects shown 



in Fig v 15 as described ^ could be obtained whori a 



metal me^er edited black 

a reliable 



seri^^co^ieG^ module that 



25 



i^Lj^jjieS^;^ ; 1 that operates v t 
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Example 3a 

Figs. 5A and 5B and 6A to 6C are schematic views 




showing the appearance of a photovoltaic element module 



from its light-receiving surface, and Fig. 5B is a 
sectional view of the photovoltaic element shown in 
Fig. 5A, which is taken along the line 5B-5B in Fig. 
5A. In addition, Fig. 6A is a plan view of two 
photovoltaic elements connected in series as seen from 
their light-receiving surface, Fig. 6B is an enlarged 
view of the series-connected portion in Fig. 6A, and 
Fig. 6C is a sectional view of Fig. 6B. 

In this example, a portion to be irradiated with 
laser light was previously coated with a color ink as a 
medium capable of absorbing light. 

In Fig. 5A, reference numeral 300 indicates a 300 
mm x 280 mm photovoltaic element comprising a substrate 
302, a lower electrode layer 303, a semiconductor layer 
304 consisting of amorphous silicon and having a 
photovoltaic function, and an upper electrode layer 
305. Reference numeral 301 designates an etching line, 
306 a collecting electrode, 307 a front-surface-side 
conductive foil that is a further collecting electrode 
different from the collecting electrode 306, 308 an 
insulating adhesive tape, and 309 a back-surface-side 
conductive foil. These components were formed of the 



according to Example 3 of the present invention. Fig. 
5A is ' a plan view of a photovoltaic element as seen 



same materials as in Example 1 by using the same method 
as in Example 1 . 

A plurality of the above photovoltaic elements 
were electrically connected in series. The connection 
5 method is described with reference to Figs. 6A to 6C. 

As shown in Figs. 6A to 6C, two adjacent 
photovoltaic elemer^/ere arranged in such a way that a 
part of the front-surface-side conductive foil. 307 of 
the photovoltaic element 1 and a part of the back- 
10 surface-side conductive foil 309 of the photovoltaic 
element 2 overlapped aaoh other over a distance of 3 
mm . 

Then, a blue felt pen (Oily Magic ink No. 500) was 
used to coat a color ink 313 (having an absorptivity of 

15 30% at a wavelength of 1.06 \xm) as a medium capable of 
absorbing light on the overlapping portion of the 
front-surface-side conductive foil 307 of the 
photovoltaic element 1. Welding points 310 in the area 
coated with the color ink 313 were irradiated with^YAG 

20 laser under the same conditions as in Example 2 to 
mechanically and electrically connect the two 
conductive foils t o oaoh o tho -r. For example, a solid 
laser having a wavelength of 0.4 pm to 2.0 pm may be 
used instead of the YAG laser. 

25 This example ^^vi^^good results^similar to v -^c^K 

Example 2. 

Similar results were obtained by using a color ink 



having an absorptivity of 10% (a sky blue felt pen) 
place of the color ink 313 j ^ocd in thio o»ampJiG . In 
addition, similar results were obtained by using ink 
jet or silk screen printing instead of a felt pen. 
^Lample AJr^ 

Figs. 7A and 7B and 8A to 8C are schematic views 
showing the appearance of a photovoltaic element module 
according to Example 4 of the present invention. Fig. 
7A is a plan view of a photovoltaic element as seen 
from its light-receiving surface, and Fig. 7B is a 
sectional view of the photovoltaic element shown in 
Fig. 7A, which is taken along the line 7B-7B in Fig. 
7A. In addition, Fig. 8A is a top view of two 
photovoltaic elements connected in parallel as seen 
from their light-receiving surface, Fig. 8B is an 
enlarged view of the series -connected portion in Fig. 
8A, and Fig. 8C is a sectional view of Fig. 8B. 

In this example, metal substrates were connected 
in parallel by using laser welding. In Fig. 7A, 
reference numeral 400 indicates a 300 mm x 280 mm 
photovoltaic element comprising a substrate 402, a 
lower electrode layer 403, a semiconductor layer 404 
consisting of amorphous silicon and having a 
photovoltaic function, and an upper electrode layer 
405. Reference numeral 401 designates an etching line, 
406 a collecting electrode, 407 a front-surface-side 
conductive foil that is a further collecting electrode 
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different from the collecting electrode 406, 408 is an 
insulating adhesive tape. These components were formed 
of the same materials as in Example 1 by using the same 
method as in Example 1. Since, however, the metal 
substrate 402 was used as a back-surface-side terminal, 
the back- surface-side conductive foil was not 
parti mil nrly pr— In addition, the front-surface- 
side conductive foil 407 was formed (so not protrude 
out from the photovoltaic element 400. 

A plurality of photovoltaic elements were 
electrically connected in parallel. The connection 
method is described with reference to Figs. 8A to 8C. 

As shown in Figs. 8 A to 8C, two adjacent 
photovoltaic elemei^Xere arranged in such a way that 
the substrate 400 of the photovoltaic element 1 and the 

\fij.(AA to* 

substrate 400 of the photovoltaic element 2^closeiy- 
contact 4kiuh u Utt er*. The closely contacting portion 
between the two substrates was irradiated with...YAG 
laser light to weld and connect them to each other. 
Although this example used the YAG laser, one of the 
other lasers described above may be used. Since this 
example used <|s^the s ubstrate 40 0^ stainless steel 
mainly consisting of Fe (having an Absorptivity of 
about 30% at a wavelength of 1.06 urn), stable welding 
could be achieved wjrTh^ low energy. / 

Subsequently, a metal member 411^ that ^msr a" 
connection memberwas {jrjeangejl^in ^ a irn a w ay-asjjE to 



contact the front-surface-side conductive foils 407 of 
the photovoltaic elements 1 and 2, and the metal member 
411 was irradiated with YAG laser light to weld the 
elements together in order to connect them in parallel. 
Reference numeral 410 indicates a welding point. The 
metal member 411 was similar to the metal member 211 
and the welding conditions were similar to these in 
Example 2. 

The present invention enables both the front and 
back sides to be stably welded *H_th low cost^f and 
provides a parallel-connected photovoltaic element 
module having ^Fi excellent connection stability^ aftd a 
method of producing it. 
^Example 5 

Figs. 9A to 10C are schematic views showing the 
appearance of a photovoltaic element module according 
to Example 5 of the present invention. Fig. 9 A is a 
plan view of a photovoltaic element as seen from its 
light-receiving surface, and Fig. 9B is a sectional 
view of the photovoltaic element shown in Fig. 9 A, 
which is taken along the line 9B-9B in Fig. 9A. In 
addition, Fig. 10A is a plan view of two photovoltaic 
elements connected in series as seen from their light- 
receiving surface, Fig. 10B is an enlarged view of the 
series-connected portion in Fig. 10A, and Fig. 10C is a 
sectional view of Fig. 10B. 

In this example, a film was previously arranged on 
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a portion to be irradiated with laser light, as a 
medium capable of absorbing light . 

In Fig. 9A, reference numeral 500 indicates a 300 
mm x 280 mm photovoltaic element comprising a substrate 
502, a lower electrode layer 503, a semiconductor layer 
504 consisting of amorphous silicon and having a 
photovoltaic function, and an upper electrode layer 
505. Reference numeral 501 designates an etching line, 
506 a collecting electrode, 507 a front-surface-side 
conductive foil that is a further collecting electrode 
different from the collecting electrode 506, 508 an 
insulating adhesive tape, and 509 a back-surface-side 
conductive foil. These components were formed of the 
same materials as in Example 1 by using the same method 
as in Example 1. The back-surface-side conductive foil 
509 was formed so ae not to protrude out from the 
photovoltaic element 500. The front-surface-side foil 



outward from the photovoltaic element 500. 

A plurality of photovoltaic elements were 
electrically connected in series. The connection 
method is described with reference to Figs. 10A to IOC. 

As shown in Figs. 10A to 10C, two adjacent 
photovoltaic elemen^>?ere arranged in such a wa^that a 
part of the front-surface-side conductive foil 507 of 
the photovoltaic element 1 and a part of the back- 




thickness, and 



one side of the foil 507 extended 
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surface-side conductive foil 509 of the photovoltaic 
element 2 overlapped oanh nfS&r^over a distance of 3 
mm. In this case, the interval between the 
photovoltaic elements 1 and 2 was 2 mm. 

. A film 513 was arranged as a medium capable of 
absorbing light on the overlapping portion between the 
front-surface-side conductive foil 507 of the 
photovoltaic element 1 and the back-surface-side 
conductive foil 509 of the photovoltaic element 
This example used a black PET ( polyethylene- 
terephthalate) tape ( M elius 427, produced by ICI Japan 
Ltd.; absorptivity at a wavelength of 1.06 pm: 65%; 
thicknes^20 \im; width: 13 mm) was used as the film 
513. Welding points (not shown in the drawings) on the 
surface of the film 513 were irradiated with YAG laser 
light as shown by the arrows in Fig. 10C to 
mechanically and electrically connect t^^two 
conductive foils to each - t^ h^T For example, a solid 
laser having a wavelength of 0.4 pm to 2.0 pm may be 
used instead of the YAG laser. 

This example provided good results^similar to jti^l / 
Example 2 . 

When a film is used as the medium^as. in this 

example, a film having a thickness of 5 \xm to 30 jam is 

preferable because ^the film can be easily removed after 

Aw-- 

welding. When the thickness of the film is smarter 

/ 

than 5 iim, the film is likely to beltorr* ofrf while 
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being peeled off. In addition, when the thickness of 
the film is 4argor than 30 pm, the adhesion strength of 
the film becomes excessively high/\as shown in Fig. 16, 
thereby requiring a strong force wr pee ling the film 

As a result, the welded metal member may be 
deformed or the film may be torn off. In Fig. 16, 
symbol (1) designates Luminal X (produced by Toray 
Industries, Inc.), symbol (2) denotes Melirtkx 427 
(produced by ICI Japan Ltd.), or symbol (3) indicates 
OPP silicon (produced by Panac Co., Ltd.). Fig. 16 
shows the results obtained when used the films ( 1 ) , ( 2 ) 
and (3). Such an increase in adhesion strength is 
caused by the adhesion of the film base material 
(medium) melted by laser light of a constant diameter 
to the metal member. This o hararrcri <rti <n hoe no 
problem when the film base material is so thin that 
only a small amount of^base material iis meltet^wi'ierita^ - / 
when the thickness of the film base material is b(^on^ ^ 
a -Gonefcerrrt value, ^ the melted amount of A base material 
and the adhesion strength exhibit a positive 
correlatior ^ ther eby iBSTil Ling in - 

The present invention is not limited to the above 
examples . * 
(/Example 6Y 

According to this example, an aluminum sheet that 
constituted an electrode for an electric part was cut. 
Fig* 17 is a schematic view showing a laser treatment 
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method according to Example 6 of the present invention. 

In Fig. 17, reference numeral 800 indicates the 
irradiation of C0 2 laser excited infrared light, and 
reference numeral 801 indicates a non-adhering medium 
consisting of black polyethyleneterephthalate film 10mm 
-S^&oIhigos , 13 cm ^^cngth, and 0.3 mm i^thickFfce^V^ 



Although this example used ( £s the"non-adhering mediumjf ^ 
dB&*a Mc^tnan 427 film produced by ICI Japan Ltd the 
experiments conducted by the inventors confirmed that 
performance similar to that of this example could be 
obtained when used T.umi rnrrw X30 produced by Toray 
Industries, Inc. The surface roughness of the non- 
adhering medium 801 was measured to be in a range of 
0.1 nm to 2 nm in mean square, by using a three- 
dimensional surface roughness meter of^ non-contact 
optical system. In addition, reference numeral 802 
indicates a material to be treated consisting of an 
aluminum sheet having a length of 10 cm and a thickness 
of 0.5 mm. 

The material 802 to- be treate d was fixed to a jig 
(not shown in the drawings) having a groove formed at a 
laser irradiation position, and a non-adhering medium 
801 was placed on the material 802 to be t i eaLed ^ a t a 
position to be irradiated with laser light. 
Subsequently, a presser jig (not shown in the drawings^ 
having ^ft ^a cut ting positloft^a groove to be penetrated 
by laser light^^s used to closely contact the non- 



- 58 - 



ax3£^ring medium 801 with the material 802 to be tire o 
1 kg/cm 2 pressure. Subsequently, using Ar as a 
shield gas, the material to be treated was irradiated 
with laser light 800 along the groove to be penetrated 
5 by the light to cut the material 802. The irradiation 
conditions of the laser light 800 were as follows: 
outgoing energy: 25 J; pulse width: 3 ms; pulse 
repetition speed: 15 PPS; laser beam diameter: <|)0 . 5 mm. 
The laser irradiated portion of the non-adhering 

10 medium 801 was melted and evaporated by the irradiation 
of laser light. Once cutting was completed b y uoing - 
1 n~rr 1 .i ghi~, the presser jig was opened and the 
remaining non-adhering medium 801 was removed by using 
tweezers to complete the series of operations. 

15 Although ^this example ussa the tweezer^ to remove the 

non-adhering medium 801, a method of blowing the medium 
off by lasiiQ^ a shield gas may be suitably used. 

Since in this example the non-adhering medium 801 
was placed on the laser light-irradiated surface of the 

20 material to be treated, the amount of energy required 
for cutting could be -ceflwrx kably reduced . Furthermore, 
since the non-adhering medium 801 is removed after 

Hit (m* 

laser irradiation, non-adhering medium 801^remain^ 

after the series of operations have been finished, 

25 thereby avoiding appearance problems and preventing 

problems from occurring in the post-process. 

-fcttd^C Go 

.This example '-provides stable laser treatment/^ 
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because^ [in this example, | laser treatment can be 

carried out w-iLli rr lower energy than t4ia L ot the 
conventional techniques and the reflectance is 

by 

determined dtLpei'yfting on the physical characteristics of 

the placed non-adhering medium. In addition, the 

material is treated while holding the non-adhering 

medium, thereby enabling stable close contact . and^ thus^ 

OJ stable laser treatment. Furthermore, the operator austKt/^ 
AO 

only^place the non-adhering medium, thereby increasing 
the treatment speed. In addition, since the non- 
adhering medium can be easily removed after laser 
treatment, the present example provides a laser 
treatment method that avoids appearance problems, while aJ<^o 
preventing problems from occurrin g^ ^ n "the post-process. 
^Example ^ 

$A /f"his example^sS) laser light A to weld the 
electrodes of photovoltaic elements jbhe electrodes 
consisting of a copper foil. 

Figs. 18A and 18B and 19A to 19C are schematic 
views showing the appearance of a photovoltaic element 
module according to Example 7 of the present invention. 
Fig. 18A is a plan view of a photovoltaic element as 
seen from its light-receiving surface, and Fig. 18B is 
a sectional view of the photovoltaic element shown in 
Fig. 18A, which is taken along the line 18B-18B in Fig, 
18A, In addition, Fig. 19A is a plan view of two 
photovoltaic elements connected in series as seen from 
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their light-receiving surface, Fig. 19B is an enlarged 
view of the series-connected portion in Fig. 19A, and 
Fig. 19C is a sectional view of Fig. 19B. Fig. 20 is a 
schematic view showing the method of supplying non- 
adhering and anti-reflection materials according to 
Example 7. 

In Fig. 18A, reference numeral 900 indicates a 300 
mm x 280 mm photovoltaic element comprising a substrate 
902, a lower electrode layer 903, a semiconductor layer 

904 consisting of amorphous silicon and having a 
photovoltaic function, and an upper electrode layer 
905. 

In this example, the substrate for supporting the 
entire photovoltaic element comprises a^stainless steel 
plate h m/iuy a Lhickn^k 0 1 150 \m . An Al layer St 
about 2,000 A ^Kthickftessr and a ZnO layer j2^about 
13,000 A - ^^thickne^ / were sequentially formed on the 
substrate 902 as the lower electrode layer 903 by using 
the sputtering method. In addition, the semiconductor 
layer 904 was formed by sequentially stacking an n-, i- 

n _ / ±- f and p-type semiconductor layers in this 
order from the substrate side by using the plasma CVD 
method. The thicknesses of these layers were about 150 
A, 4,000 A, 100 A, 100 A, 800 A, and 100 A, 
respectively. In addition, the upper electrode layer 

905 was a transparent electrode consisting of a thin 
indium oxide film of about 700 A in thickness, and was 



formed by depositing In in an 0 2 atmosphere by using the 
resistance heating method. Furthermore, to prevent an 
effective light-receiving area from being affected by 
the adverse effect of a short circuit between the 
substrate and the transparent electrode that may occur 
when the outer circumference of the photovoltaic 
element is cut, etching paste containing FeCl 3 or A1C1 3 
was coated on a part of the upper electrode layer 905 
by using screen printing, and was heated and washed to 
linearly remove the part of the upper electrode layer 
905 to thereby form an etching line 901. 

Subsequently, a copper foil strip having a width 
of 10 mm, a length of 285 mm, and a thickness of 100 \im 
was formed near one side (280 mm long) of the back 
surface (on the substrate 902 side) of the photovoltaic 
element as a back-surface-side conductive foil 909, by 
using the method disclosed in Japanese Patent 
Application Laid Open No. 8-139349. One side of the 
copper foil strip protruded out from the photovoltaic 
element, as shown in Fig. 18A. 

Subsequently, an insulating adhesive tape 908 
comprising polyimide as a base and having a width of 10 
mm, a length of 280 mm, and a thickness of 50 \im was 
applied to one side of the front surface (on the upper 
electrode layer 905 ) of the photovoltaic element such 
that the tape 908 is opposed to the back-surface-side 
conductive foil 909. 
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paste was formed on the front surface of the 
photovoltaic element as a collecting electrode 906. In 
this case, the carbon-coating wires were continuously 
formed on the upper electrode layer 905 and the 
insulating adhesive tape 908 at a pitch of 14 mm such 
that the wires crossed the insulating tape. 

Furthermore, a front-surface-side conductive foil 

907 that was a further collecting electrode different 
from the collecting electrode 906 was formed on the 
insulating adhesive tape 908. The front-surface-side 
conductive foil 907 was formed by placing a copper foil 
strip having a width of 10 mm, a length of 285 mm, and 
a thickness of 100 ]im on the insulating adhesive tape 

908 with interposition of a part of the collecting 
electrode 906 therebetween and heating, pressurizing, 
fixing the strip at 200 °C and 1 kg/cm 2 for 60 seconds. 
One side of the copper foil strip was protruded out 
from the photovoltaic element 900 on a side opposite to 
the back-surface-side conductive foil 909, as shown in 
Fig. 18A. 

To usB ^or^elBCt^±c power^en^ jr^^ 
photovoltaic element produced in this manner, a 
plurality of photovoltaic elements were electrically 
connected in series to produce a photovoltaic element 
module. The connection method is described in Figs. 



C3 
10 
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19A to 19C. 

As shown in Figs. 19A to 19C, two adjacent 

/ho 

photovoltaic elements were arranged ■ sucti that a part of 
the front-surface-side conductive foil 907 of a 
5 photovoltaic element 1 overlapped a part of the back- 
surface-side conductive foil 909 of a photovoltaic 
element 2 over a distance of 3 mm. 

Subsequently, a non-adhering medium 913 was placed 
on the overlapping laser-welded portion between a part 
10 of the front-surface-side conductive foil 907 of the 

photovoltaic element 1 and a part of the back-surface- 
side conductive foil 909 of the photovoltaic element 2. 
As the non-adhering medium 913, a commercially 



3 available magnetic tape was used which comprises a 

15 magnetic substanc^such as carbon blacl^ coated or 
LPj deposited on one side of polyethyleneterephthalate or 

%2 polyethylenenaphthalate. This example used T-120VF 

produced by Sony Corporation, but the experiments 
conducted by the inventors confirmed that performance 
20 similar to that of this example can be obtained when 
used other magnetic tape^such as P6-120HMP2 or VXST- 
120VF^produced by Sony Corporation^>r NV-ST120XPZ or 
NV-TTC40HGK produced by Matsushita Electric Industrial 
Co., Ltd., or heat transfer ribbons^such as TL-12K 
25 produced by King Jim Co., Ltd., CF-PR190 produced by 
Matsushita Electric Industrial Co., Ltd., or JW-Z180 
produced by Toshiba Corporation. Since these magnetic 



0 




CO 
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tapes are supplied f- rom - the form of a roll, th e* 
subsequent laser treatment can be prepared by^ s&c£x** 
1 - uaei Lreatm eftfeC releasing theApresser jig and feeding 
the tape forward/^ In addition, the surface roughness 
5 of the magnetic surfaces of these magnetic tapes was 
measured to be in a range of 5 nm to 20 nm in mean 
square. 

Furthermore, a presser jig (not shown in the 

Mac$. 

drawings) was used to press the magnetic tape which was 
10 the non-adhering medium 913 at 10 kg/cm 2 with the 
magnetic surface facing the front-surface-side 
conductive foil 907 of the photovoltaic element l^which 
^| was a material to be treated. 

; z \ 

* Then, the overlapping portion between the front - 

Q 

15 surface-side conductive foil 907 of the photovoltaic 

ru 

\?\ element 1 and the back-surface-side conductive foil 909 

Q of the photovoltaic element 2^ which was pressed by the 

presser jig, was irradiated with laser light to carry 
out welding and mechanically and electrically connect 
20 the elements to each other. Reference numeral 910 

designates a welding point. As the laser for providing 
a high energy enough to weld a metal, it is possible to 
use a YAG laser, a phosphate glass laser, a silicate 
glass laser, or a C0 2 -laser-excited far infrared laser. 
25 In particular, the YAG laser has excellent 

characteristics^uch as its capability of transmitting 
laser light through optical fibers to enable treatment 
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at a position remote from the laser oscillator, and 
enables the welding condition to be changed by the 
selection of the optical fibers and an outgoing unit. 
Another excellent characteristic of this laser is its 
capability of dividing a laser light into 2 to about 10 



ydhxs example ^se^l the YAG laser^ to execute welding 
under the following conditions: outgoing energy: 6 J; 



pulse width: 5 ms^laser diameter: 0.6 mm; number of 
welding points: 12. 

The method of supplying the magnetic tape as the 
non-adhering medium 913 according to this example is 
described with reference to Fig. 20. In this figure, 
reference numeral 920 indicates a magnetic tape housed 
in a cassette, 921 a reel around which a magnetic tape 
irradiated with laser light is wound, and 922 a presser 
member for pressing the magnetic tape 913 against a 
junction portion between the front-surface-side 
conductive foil 907 of the photovoltaic element 1 and 
the back-surface-side conductive foil 909 of the 
photovoltaic element ^ywhich are materials to be 
treated. A transfer means (not shown in the drawings) 
is used to transfer to a laser treatment position the 
front-surface-side and back-surface-side conductive 
foils 907 and 909 of the photovoltaic elements 1 and 2, 
respectively. Then, the presser jig 922 presses the 
magnetic tape 913 against the junction portion between 



beams . 
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the front-surface-side conductive foil 907 of the 
photovoltaic element 1 and the back-surface-side 
conductive foil 909 of the photovoltaic element 2. 
Subsequently, the junction portion is irradiated with 
5 laser light 930 to carry out a predetermined laser 
treatment . 

The portion of the magnetic tape 913 irradiated 
with laser light ar g mc - ltc d and^ evaporated by the heat 
generated by welding. Furthermore, since a magnetic 
C3 10 substance having a surface roughness of 5 nm to 20 nm 

M in mean square is coated or deposited on the surface of 

p the magnetic tape 913 closely contacting the front- 

surface-side conductive foil 907 of the photovoltaic 
element 1, after welding, the magnetic tape 913 can be 
% S 15 removed by simply releasing the presser jig. The 

l z magnetic tape 913 may adhere to the front-surface-side 

H conductive foil 907 in some cases, the tapav t?an be 

i, J:. 

easily removed by applying ^ force eftougfr'to slightly 
release the tape from the foil (not shown in the 

20 drawings ) . 

Subsequently, the magnetic tape 913 is fed by 3 cm 
&eS^ to be wound around the winding reel 921, and an 
unused magnetic tape is supplied from the magnetic tape 
cassette 920 to complete preparations for the 

25 subsequent laser treatment. The treated photovoltaic 
elements 1 and 2 are conveyed out by a transfer means 
(not shown in the drawings) immediately after laser 
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treatment; . 

The electric resistance of the laser welded 
portion was measured to be 0.013 Q. With respect to 
the performance of the photovoltaic element 900, the 
5 effective area was 809.0 cm 2 , the generated current was 
5.38 A, the generated voltage was 1.2 V, and the 
generated power was 6.45 W, therefore the resistance 
loss of the laser welded portion was 0.9 mW, which is 
only 0.015% of the generated electric power of 6.45 W. 
10 In addition, the tensile strength of the laser 

welded portion was measured to be in a range of 8 kg to 
15 kg. 

In this example, with respect to the time required 
for laser welding, 2.0 seconds were required to feed-in 

15 and positioniia^el^the photovoltaic elements 1 and 2, 
3 . 5 seconds were required for welding ( including the 
movement of the laser beam outgoing tip ) , and 1 . 0 
second was required for feed-out of the treated 
elements. Thus, the connection of the two photovoltaic 

20 elements was completed in 6.5 seconds. 

That is, this example can provide a method of 
connecting photovoltaic elements in series that enables 
laser welding w±£k- a lower energy than « frhat Q f the 



conventional techniques, fcfasl: enables high speed 
25 treatment, and d&^t avoids appearance problems^while 
preventing r^r^m om^) nr;pjim' w^ Qr^ •y^T^ost-proceS^. 

The present invention minimizes the time required 
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for heating when executed to connect a group of 
photovoltaic elements, thereby preventing the 
components of the photovoltaic element^such as the 
semiconductor layer and conductive adhesive^f rom being 
degraded by wide-ranging heating. 

In addition, in the present invention, each 
operation can be completed in a short time to enable 
mass production. 

Furthermore, the present invention eliminates the 
needs for solder to avoid reduction of the production 
yield due to solder residues and^avoid the adverse 
effect of remaining fluxes on a covering material. 

In addition, the present invention the color 

ink or film to easily increase the laser absorption 
efficiency, thereby providing an inexpensive 
photovoltaic element production method having a high 
production efficiency. 

Furthermore, in the method of placing the non- 
adhering medium on the surface to be irradiated with 
laser light of the material to be treated, and 
irradiating the non-adhering medium with laser light 
while holding the non-adhering medium and the material, 
laser treatment can be stably executed because the 
reflectance is determined depending on the physical 
properties of the placed material (non-adhering 
medium). In addition, the treatment can be carried out 
while holding the non-adhering medium and the material 
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to be treated, thereby enabling stable close contact 
therebetween^nd thus stable laser treatment. 
Moreover, high speed treatment is possible because of 
>6nly\p lacing) the non-adhering medium. 
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What is claimed is: 

1. A photovoltaic element module comprising at 
least two electrically connected photovoltaic elements 
to each other, wherein a medium capable of absorbing at 
least 10% or more of a light having a wavelength of 0.4 
jam to 2.0 |im is provided on an electric connection 
portion of the photovoltaic element . 

2. A photovoltaic element module according to 
Claim 1, wherein the photovoltaic element has at least 
a conductive substrate and a semiconductor layer. 

3. A photovoltaic element module according to 
Claim 1, wherein the medium is a color ink. 

4. A photovoltaic element module according to 
Claim 1, wherein the medium is a film having a 
thickness of 5 jam to 30 jam. 

5. A photovoltaic element module according to 
Claim 1, wherein the medium consists of at least one of 
Fe, Ni, and solder. 

6. A photovoltaic element module according to 
Claim 1, wherein the medium absorbs 10% or more of a 
laser light having a wavelength of 1.06 (im. 
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7. A photovoltaic element module according to 
Claim 1, wherein in the electric connection portion, 
each of metal members provided on each of the 
photovoltaic elements are electrically connected to 
each other. 

8. A photovoltaic element module according to 
Claim 7, wherein the metal members comprise at least 
one of gold, silver, copper, stainless, and aluminum as 
a main component . 

9 . A method of producing a photovoltaic element 
module, which comprises .a step of electrically 
connecting at least two photovoltaic elements to each 
other, wherein the step is a step of electrically 
connecting a first and a second photovoltaic elements 
by providing on a part of the first photovoltaic 
element a medium capable of absorbing at least 10% or 
more of a light having a wavelength of 0.4 pm to 2.0 pm 
and irradiating the medium with a laser light having a 
wavelength of 0.4 pm to 2.0 pm . 

10. A method of producing a photovoltaic element 
module according to Claim 9, wherein the medium is a 
color ink. 

11. A method of producing a photovoltaic element 
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module according to Claim 9, wherein the medium is a 
film having a thickness of 5 mm to 30pm. 

12. A method of producing a photovoltaic element 
module according to Claim 9, wherein the medium 
consists of at least one of Fe, Ni, and solder. 

13. A method of producing a photovoltaic element 
module according to Claim 9, wherein a metal member is 
provided on an electrode portion of the photovoltaic 
element and wherein the medium is provided on a surface 
of the metal member. 

14. A method of producing a photovoltaic element 
module, which comprises a step of electrically 
connecting at least two photovoltaic elements to each 
other, wherein each of the photovoltaic element has at 
least a conductive substrate, a semiconductor layer, 
and a light-transmissive electrode, and wherein the 
step is a step of electrically connecting a conductive 
substrate of a first photovoltaic element and a light- 
transmissive electrode of a second photovoltaic element 
to each other by laser welding. 

15. A method of producing a photovoltaic element 
module according to Claim 14, wherein a metal member is 
are provided on the conductive substrate of the first 
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photovoltaic element and/or the light-transmissive 
electrode of the second photovoltaic element , - wherein a, 
medium capable of absorbing a laser light is provided 
on the metal member, and wherein the medium is 
irradiated with the laser light to carry out the laser 
welding. 

16. A method of producing a photovoltaic element 
module according to Claim 15, wherein the medium 
absorbs 10% or more of a light having a wavelength of 
0-4 jam to 2.0 jam. 

17. A non-contact treatment method of carry out 
treatment by using an energy supply means for supplying 
energy, which comprises placing a non-adhering medium 
capable of absorbing the energy on a material to be 
treated, and irradiating the non-adhering medium with 
the energy. 

18. A non-contact treatment method according to 
Claim 17, wherein a surface of the non-adhering medium 
closely contacting the material to be treated has a 
surface roughness of 0.1 nm to 5,000 nm in mean square. 

19. A non-contact treatment method according to 
Claim 17, wherein the non-adhering medium has at least 
a polymer film. 
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20. A non-contact treatment method according to 
Claim 17, wherein the non-adhering medium is a magnetic 
tape. 



5 21. A non-contact treatment method according to 

Claim 20, wherein a magnetic surface of the magnetic 
tape is closely contacted with the material to be 
treated. 

22 . A non-contact treatment method according to 
Claim 17, wherein the non-adhering medium absorbs 10% 
or more of a light having a wavelength of 0.4 \xm to 2.0 
jam. 

23. A non-contact treatment method according to 
Claim 17, wherein the energy is light, heat, or 
electromagnetic waves . 

24. A non-contact treatment method according to 
Claim 17, wherein the non-adhering medium is irradiated 
with the energy while pressing the non-adhering medium 
against the material to be treated. 

25. A non-contact treatment method according to 
25 Claim 17, wherein the non-adhering medium is removed by 

irradiation of the energy. 
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26. A non-contact treatment method according to 
Claim 17 , wherein the non-adhering medium is removed 
after the energy irradiation . 

27. A non-contact treatment method according to 
Claim 17, wherein the treatment is cutting or welding. 

28. A non-contact treatment method according to 
Claim 17, wherein the non-adhering medium is supplied 
from a roll of the non-adhering medium, and after the 
energy irradiation, is wound up. 

29. A non-contact treatment method according to 
Claim 17, wherein the material to be treated is an 
electrode of an electric part. 

30. A non-contact treatment method according to 
Claim 17, wherein the material to be treated is an 
electrode of a photovoltaic element. 

31. A non-contact treatment method according to 
Claim 17, wherein the material to be treated is a 
material having a high reflectance with respect to 
energy irradiation . 

32. A method of producing a photovoltaic element 
module, which comprises a step of electrically 




connecting at least two photovoltaic elements to each 
other, wherein the step is a step of placing on a part, 
of a first photovoltaic element a non-adhering medium 
capable of absorbing energy and irradiating the medium 
with energy to electrically connect the first 
photovoltaic element and a second photovoltaic element 
to each other. 

33. A method of producing a photovoltaic element 
module according to Claim 32, wherein a surface of the 
non-adhering medium closely contacting a material to be 
treated has a surface roughness of 0.1 nm to 5,000 nm 
in mean square. 

34. A method of producing a photovoltaic element 
module according to Claim 32, wherein the non-adhering 
medium has at least a polymer film. 

35. A method of producing a photovoltaic element 
module according to Claim 32, wherein the non-adhering 
medium is a magnetic tape. 

36. A method of producing a photovoltaic element 
module according to Claim 35, wherein a magnetic 
surface of the magnetic tape is closely contacted with 
a part of the first photovoltaic element. 
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37. A method of producing a photovoltaic element 
module according to Claim 32, wherein the non-adhering 
medium absorbs 10% or more of a light having a 
wavelength of 0,4 pm to 2.0 pm. 

38. A method of producing a photovoltaic element 
module according to Claim 32, wherein a metal member is 
provided on an electrode portion of the photovoltaic 
element and wherein the non-adhering medium is provided 
on a surface of the metal member. 

39. A photovoltaic element module produced by the 
method of Claim 32 of producing a photovoltaic element 
module. 
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Abstract of Disclosure 

Before electrically connecting at least two 
photovoltaic elements, a medium capable of absorbing at 
least 10% or more of a light having a wavelength of 0.4 
\im to 2.0 ]im is provided on an electric connection 
portion of the photovoltaic element, whereby the 
p reS ent invention provides a method of electrically 
connecting a group of photovoltaic elements to one 
another with a high yield and easy automatization. 



